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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, fracture behavior of functionally graded material weakened by U-notches under
Received 04 October 2016 mode I loading has been investigated. Electro slag remelting process has been used to produce
Accepted 02 January 2017 functionally graded specimens in a notch arrester configuration. Hardness test has been utilized
Available Online 29 January 2017 . L . . . . .

to define the position of each layer. Mechanical properties, including elastic modulus and
poisson's ratio, vary along the width of U-notched specimens. The critical fracture load (Fcr) was

Ié:ﬁ(;ﬁ;d achieved by performing three point bending examination and using force-displacement curve.

Functionally graded material Then, the process simulation was done by finite element software. Firstly, Jcr of each specimen

Integral / was calculated by using critical value of strain energy averaged over a well-defined control

Electro slag remelting volume. Then the critical fracture load was evaluated by means of the | Integral criterion. In this

U-notch . X
research, the effect of the notch root radius, for a fixed notch depth, on the Jcr value as well as the
critical fracture load has been studied. To compare fracture behavior of the FG specimens with the
corresponding homogeneous ones, have the same properties with the notch root layer in FG
specimen, Fcr and Jcr value of each have been investigated. The average difference between the
predicted Fcr by | integral criteria and experimental results is 17.84%. Finally, the effect of
number of graded area layers on Jcr and Fcr has been investigated. The results shows, the value of
Jer and Fer do not be affected though the number of layers is more than 20.
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C Si Mn P S Cr Ni Mo Cu

W Ti Co Al Sn Pb As Fe

057 065 038 002 0.005 097 004 006 004 014 17 0003 0006 0.042 0.005 0.002 0.005 Base
Table 2 Chemical composition of pure copper
Zn Pb Sn P Mn Fe Ni Si Ag Co Be Cu
<0.01 <0.01 <0.01 0.007 0.01 0.02 0.01 <0.005 0.005 0.01 <0.001 >99.9
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Fig. 1 The steps of manufacturing graded copper-steel specimen
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Fig. 7 Stress intensity factor vs distance from V-notch tip
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Table 3 Mechanical properties of pure copper and tool steel
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Table 4 Critical J integral and fracture load of graded copper-steel
specimens and corresponding homogeneous ones

Fcr,Hom Fcr,FGM Jcr,HOM Jcr,FGM

&N)  (kN)  (MPamm) (MPamm) P~ (Mm a(mm)
2.564 2.279 0.41 0.36 0.5 35
3.218 2.906 0.53 0.48 1 35
3.714 3.372 0.63 0.57 15 35
4.106 3.732 0.73 0.66 2 35
2.671 2.425 0.48 0.41 0.5 3.85
3.247 3.001 0.60 0.54 1 3.85
3.705 3.476 0.72 0.65 15 3.85
4.172 3.853 0.85 0.75 2 3.85
2.895 2.636 0.57 0.47 0.5 4.2
3.359 3.204 0.69 0.60 1 4.2
3.768 3.657 0.83 0.71 15 4.2
4.129 4.034 0.93 0.81 2 4.2
3.200 2.928 0.70 0.53 0.5 4.55
3.546 3.464 0.82 0.67 1 4.55
3.930 3.927 0.95 0.79 15 4.55
4.259 4.328 1.07 0.89 2 4.55
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Table 5 The critical fracture load of graded specimens weakened by U-
notch by using experimental and finite element method

Error Fcr,Exp Fcr.J int V4 a
(%) (kN) (kN) (mm) (mm)
22.79 2,94 2.27 0.5 35
7.05 3.12 2.90 1 35
17.29 451 3.73 2 35
15.36 3.45 2.92 0.5 4.5
21.54 441 3.46 1 4.5
22.99 5.61 4.32 2 4.5
45 ‘ X ;
4l N
35 | N
g -
& —@—  3.5mm, FGM
3| —p—  385mm, FGM |
—— =42 mm, FGM
=455 mm, FGM
- 3.5 mm, HOM
25 - 73.85mm, HOM
-  #42mm HOM
s =455 mm, HOM
2 i | | L
0 05 1 15 2 25
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Fig. 16 Critical fracture load of graded specimens and corresponding
homogeneous ones vs notch radius
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Fig. 14 Critical J integral of graded specimens and corresponding
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Fig. 15 Critical J integral of graded specimens and corresponding
homogeneous ones vs notch depth
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Fig. 17 Critical fracture load of graded specimens and corresponding
homogeneous specimen vs notch depth
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